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PROBE

The preseﬁt invention relates to DNA probes for
detecting a tandemly-repeated nucleotide sequence in the
gene encoding hucin glycoprotein expressed by human
mammary epithelial cells, to the use of the probe in
diagnosis and in "fingerprinting” individuals, to the
polypeptides expressed by the corresponding mucin gene, to
antibodies against the polypeptides and to the use of the
polypeptides and antibodies in the diagnosis and
therapeutic treatment of cancer.

Normal and malignant human mammary epithelial
cells express high molecular weight glycoproteins (gps)
which are extensively glycosylated and very antigenic. As
a result, many of the monoclonal antibodies (MAbs) selected
for reactivity with human breast cancer and other
carcinomas are found to react with molecules which are
produced in abundance by the fully differentiated human
mammary tissue and are found in the milk fat globule (MFG)
and in milk. However, the levei of expressioﬁ of a
particular antigenic determinant may be different in the
gps produced by the normal differentiated cell and in the
similar molecules produced by breast cancers. This means

that some antibodies can show a certain specificity for

PCT/GB88/00011
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The molecules bearing the eéitopes recognised bj
these antibodies ‘are complex and have been difficult to
analyse, both because they are large and heavily

glycosylated (>250,000'daiton$) and because of the complek

, pattern_of-expression.’ Two of the MAbs, HMFG-1 and -2,

‘react with a‘component in_ﬁuman milk which appears to be

greater than 400,000 Aaltons, whereas the molecules found
in sera and tumours are smallér,‘although the dominant:
components are still gréater thén ZOOrOOQ daltons on
immunoblots. -The large élyédpro;ein produced by the
differentiated mammary epithelial éélls found in human milk
or in the milk fat globule has_béen purified and shown to
have somé'qf.;he ch&racteristicsAoﬁ:the mucins. This
component ‘contains a iérge émount of'carﬁohydraté joined in
d-linkage'to sé;ine and Eh;eonine-residues via the iinkaée
sugar N-aqetYlgalactosaminé. 1Moreover, the core protein
contains high levels bf:serine, £hreonine and proline and-
low levels of aromatic and sulphur containing amino acids.

These mucin-like glycoﬁ;oteins are also secreted
by.a number of othe;.normal_epithelialAcéils. The
monoclonal éntibody HMFG-1 1is highlf réactive with the milk
mucin and'evidéhce suggests'tbat_the epiﬁope recognised by
this antiquy is more abundant on the fully processed
mucin, cha;écteristic-of nd;mai differentiation.

iﬁ tumours, the molecular weight of the molecules

carrying these antigenic determinants differs among
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recognised by the HMFG-2 antibody, can range from 80-400K

' daltons.

Although it appears that the differences observed

.in the mobility of the high molecular weight bands are due

to genetic polymorphism this probably does not explain

variations in the size of the lower bands. It has been

proposed

that these may be the result of aberrant

processing occurring in the tumour cell possibly within the

glycosylation pathways.

For the majority of the monoclonal antibodies

reacting with this group of molecules the exact nature of

the antigenic epitopes remains unclear but circumstantial

evidence has suggested that carbohydrate may at least be

partly involved in many of the epitopes. Moreover, from

previously available data it was not known whether the

"mucin found in the normal differentiated cells, and that

observed

in the tumours, contain the same core protein, or

just carry common carbohydrate determinants.

Mucin has now been isolated from human milk by

affinity chromatography enabling identification of the core

protein and the gene encoding the protein. This has been

found to be a highly polymorphic gene defined by the peanut

urinary mucin (PUM) locus [see Swallow et al., Disease

Markers,

The gene

4, 247, (1986) and Nature, 327, 82-84 (1987)].

product, which is hereafter referred to as human

polymorphic epithelial mucin or HPEM, has been detected in

breast tumours and other carcinomas as well as in some

normal epithelial tissues.



* W0 88/05054 .- | ~ PCT/GB88/00011

"It has ﬁ0w béen~found'that the HPEM core protein
has epitopes which also appear in the aberrantly processed ' 5
gps produced by édenocarcipoma cells. Certain of these
epitopes are not eiposéd in the fully processed mucin
glycoprotein éroducea by Ehe lactating mammary giand;

In one aspect the present invenfion therefore
providés’an'éntibody agéiﬁst a human mucin coré érotein
which antibody substaﬁtially does not react with a fully
processedAhuman mucin glycoprotein.

As used herein:the term "antibody" is intended to
includg fragments of antibodies bearing antigen binding
sites .such as the E‘(ab')2 fragments. |

.-Antibodies according to the presenﬁ invention
react With‘HPEM core protein, especially as expressed by
colon, lung, ovary and particularly breast carCihémés, but
have reduced or no reaction with the corresponding fully
procéésed HPEM. In a particular aspect the antibodies"
react with HPEM core protein.bht not with-fully proceésed
HPEM glycqprotein_as'produced by the normal lactating human
mammary glan&. |

. Antibodies according to the present invention
have ho-éignificant reaétion.witﬁ.the mucin glycoproteins
produceq by“pregnant or.lacﬁating mammary -epithelial
tissues but react with theimuéin proteins expreséed by
mamméry épithelial adenocaicinomaAcells. These antibbdies

show a much reduced reaction with benign breast tumours and

—-—f—-fv~are-therefore“usefur'fﬁ‘Ehé‘aiégﬁasfg'aﬁa_lBéElIEéEibd_of
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breast cancer as well as in therapeutic methods.

The antibodies may be used for other purposes
including screening cell cultures for the polypeptide
expression product of the human mammary epithelial mucin
gene, or fragments thereof, particularly the nascent
expression product. 1In this case the antibodies may
conveniently be polyclonal or monoclonal antibodies.

Antibodies according to the present invention may
be produced by innoculation of suitable animals with HPEM
core protein or a fragment thereof such as the peptides
described below. Monoclonal antibo@ies are produced by the
method of Kohler & Milstein (Nature 256, 495-437/1975) by
immortalising spleen cells from an animal innoculated with N
the mucin core protein or a fragment thereof, usually by
fusion with an immortal cell line (preferably a myeloma
cell line), of the same or a different species as the
innoculated animal, followed by the appropriate cloning and
screening steps.

In a particular aspect the present invention
provides the monoclonal antibodies designated SM3 against
the HPEM core -protein. 1In another aspect the invention
. provides the hybridoma cell line which secretes the
antibodies SM3 and has been designated HSM3. Samples of
HSM3 have been deposited with ECACC on 7th January 1987
under accession number 87010701.

Using antibodies according to the invention it

has- been—possible- to screen-a-phage -library-constructed
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from mRNA isélated from a human breast cancer celi line to
identify éequenceé coding.fdr portions of the mucin éoré
protein; Complementary DNA sequences have been construéted
and from these it has surprisingly been found that the gene
encoding the core protein.contains multiple tandem repeaﬁs
of a 60 Sase sequence-léading to considerable polymorphism
sﬁfficiently extensive that cDNA fragments correspdnding to
:the fepeat sequence would be useful for fingerprinting DNA.
The fingerprinting thus made possible has applications in
»fbr instance ascertaining whether bone marrow growth éfter
transplants is from the host or the donor and in forensic
medicine for identifying individuals using body tissues or
fluids. |

Accordingly the present invention also provides a
nucleic aéid_f:agment comprising at least 17 nucleotide
bases the fragment being hybridisable with at least one of
a) Ehe DNA sequence

AR S *
ACC GTG GGC TGG GGG GGC GGT GGA GCC CGG-

GGC CGG CCI GGT GTC CGG GGC CGA GGT EAC—
ACC GTG.GGC TGG GGG GGC GGT,GGA GCC CGG:
GGC -céG_ cer GET GTC CGG GGC CGA GGT GAg
b) DN?lcomplemehtary'to_thé DNA of a), i.e. of sequence
GTS.ACC TCG GCC CCG GAC ACC AGG CCG GCC-
CCG GGé TCC ACC GCC CCC CCA GCC CAC GGT-
GTC‘ACC TCG GCC CCG GAC ACC AGG CCG GCC-

* ) 3| .
CCG GGC TCC ACC GCC CCC_CCA GCC CAC GGT. _ _ _ _ . - - - - -
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c) RNA having a sequence corresponding to the DNA sequence

of a) and

d) RNA having a sequence corresponding to the complementary
DNA sequence of b).

The sequences in (a) and (b) each include a double
tandem repeat sequence of 120 bases. Fragments accbrding to
the invention may correspond to any portion of this sequence
including portions bridging the stért point of the repeat.

Fragments according to the invention will
hybridise under conditions of low stringency with the DNA
and RNA sequences (a) to (d) above. Preferred fragments are
those which also hybridise under conditions of high
stringency. The most preferred fragments of the invention
are those which have sequences exactly identical to, or
exactly complementary to the sequences (a) to (d) above.

Normally a given DNA or RNA fragment according to
the invention will be capable of hybridising with both DNA
according to a) and RNA according to c) or with both DNA
according to b) and RNA according to d) above.

Preferably the nucleic acid fragment according to
the present invention will comprise a portion of at least 30
nucleotide bases capable of hybridising with at least one of
a) to d) above, more preferably at least 50 such bases and
most preferably the fragment contains a seguence of 60 bases
exactly cémplementary to one of the repeat seguences of a),

b) ¢) or d) above. Other fragments of the invention may

comprlse two or more :epeats of such a seguence, optlonally

SUBSTITUTE SHEET
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with minor variations by way of substitution. Preferably
such frééments include an integral number of such repeat s
sequences. Further fragments'of the invention comprise the

tandem repeat sequence and additional coding or non-coding

f5' and/or 3' flanking sequences correspdnding to the HPEM

gene or ‘a portion thereof.

| When the existence of a tandem repeat sequence was
first identified it was believed that the sequence con;isted'
of 59 base pair§ corresponaing with the sequences indicéted
in (é) and (bf above except for the lack of the base
indicatéd with "*",

Many fragments according to the invention as
originally definéd'in British Patent Application No. 8700269
also conform with_the new definition of fragments as set out
herein and those fragments of segquences defined unde; {(a),
(b) , (c)- or (d) above whiéh do not include the bases marked.
“*".fo;m'a‘particular aépeét of the presént invéntion. Such
fragments.haveiéequences corresponding to at least a poftion
of the sequences |
a'} GTG GGC TGG GGG GGC GGT GGA GCC

a't) CGG GGC CGG CCT GGT GTC CGG GGC CGA GGT GAC AC

_b') DNA complémentary to the sequence of a') or a''},

c'} RNA having a sequence correspdnding to the sequence of

'a') or a'') and

- d"). RNA having a sequence corresponding to one of the

complementary DNA sequences of b')

— ~ ~~— In the human genome the DNA tandem repeat sequence
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comprises antiparallel double stranded DNA, one strand
having segquence (a) and being paired with a strand having
sequence (b).

As mentioned above the nucleic acid fragments of
the invention may be used as a probe for detecting one or
other strand of the DNA tandem repeat sequence in the human
genome, or RNA transcribed from either strand and hence for
identifying the gene or genes for human mucin core proteins,
mRNA transcribed therefrom.and complementary DNA and RNA.
For such purposes it may be convenient to use the complete
normal gene comprising at least one tandem repeat sequence,

or mRNA transcribed therefrom or to attach non~-complementary
fragments to either or both the 5' and 3' ends of a fragment
according to the invention and/or to attach detectable
labels (such as radioisotopes, fluorescent or enzyme labels)
to the probe or to bind the probe to a solid support. All
of these may be achieved by conventional methods and the
nucleic acid fragments of the invention may be produced de
novo by conventional nucleic acid synthesis techniques. .

The nucleic acid fragments of the present
invention may also be used in active immunisation
techniques. In such methods the fragment codes for a
polypeptide chain substantialiy identical to a portion of
the mucin core protein and may be extended at either or both
the 5' and 3' ends with further coding or non-coding nucleic

acid sequences including regulatory and promoter sequences,
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sequences may code for corresponding portions of the

core protein chain or for other polypeptide chains.

PCT/GB88/00011

mucin

The

fragmeﬁt according to the invention, together with any

necessary or desirable flanking seguences is inserte

d, in an

appropriate open reading frame register, into a suitable

vector such as a plasmid or a viral genome (for inst
vaccinia virus genome) and is then expressed as a

polypeétide pcoddct by conventional techniques. 1In

ance

one

aspect the polypeptide product may be prdduced by culturing

appropriate cells transformed with a vector, harvest

ed and

used as an immunogen to induce active immunity against the

mucin core protein.. 'In another aspect the vector,

particularly in the form of a_virus, may be direcﬁly

innoculated into a humdn -or animal to be immunised.

The

vector then directs expression of the polypeptide in wvivo

and this in-turn serves as an immunogen to induce ac

immunity against the mucin core protein.’

tive

" The .invention therefore provides nucleic acid

fragments as hereinbefore defined for use in methods

treatment of the human or animal body by surgery or

and in'diagnostic methods practised on the human or

‘body. The invention also providés such methods for

treatment of the human or animal body by'sufgery or
and diagnostic methods practised in vivo as well as
and in vitro.

The invention:fufthér provides a polypepti

of
therapy

animal

therapy

ex viv

de

*

comé?ising a series of residues gEESaea by the DNA tandem

"w
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repeat seguence, the seguence shown at (b) above being the
coding sequence. Polypeptides according to the invention
are selected from any of those having 5 or more amino acid

residues represented by the following amino acid sequence

vVal Thr Ser Ala Pro Asp Thr Arg Pro Ala Pro Gly Ser Thr
Ala Pro Pro Ala His Gly*Val Thr Ser Ala Pro Asp Thr Arg
Pro Ala Pro Gly Ser Thr Ala Pro Pro Ala His Gly

("*" marks the start of the repeat in the peptide).

Polypeptides according to the invention may have
a sequence corresponding with any portion of the 40
residue sequence above and may include the start point of
the repeat seguence.

Other polypeptides according to the invention
include three or more repeats of the 20 amino acid repeat
sequence. Such polypeptides may include minor variations
by way of substitution of individual amino acid residues.

The invention further provides polypeptides as
defined above modified by addition of N-acetyl
galactosamine (a linkage sugar) on serine and/or threonine
residues and by addition of oligosaccharide moieties to
that or via other linkage sugars and/or fragments linked
to carrier proteins such as keyhole limpet haemocyanin,
albumen or thyroglobulin.

Preferably the polypeptide comprises at least 10
amino acid residues of the sequence above, more preferably

20 Tesidues. The polypeptidée may comprise the full
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sequence above. Such polypeptides may further cbmprise

‘additional amino acid. residues, preferably conforming to

the amino acid sequence of HPEM core protein.

In a further aspect.the present invention
provides the HPEM core protéin.’ This is encoded by the
PUM gene'and ﬁay be produced by recombinant DNA techniques
and expressed without glycosylation in human or non-human
cells. Aiternatively it may be obtéined by stripping
carbohydrate from native human mucin glycoprotein which

itself may be produced by.isolation from samples of human

. tissue or bédy fluids or by expression and full processing

in a human Cell>line. The HPEM core protein may be used
for raisingiantibodies in animals fgr use in passive
immunisation, diagnostié‘tests and tumour 1ocalisation and
in active immunisation of humans.

The invention further providgs antibodies
(monoclcnal-or polyclonal), and f:agments thereof, against
any of the polypeptides deSc;ibed above. Such antibodies
may be obtained by conventibnal methéds and are useful in
diagnostic and therapeutic applications.

‘The invention further provides antibodies
(monoélonal or polyclonal), or fragments thereof, linked
to therapeutically or diagnoétically effective ligands.
Far therapeutic use of the antibodies the ligands are
lethal agents to Ee delivered to cancerous breast of other

tissue in order to incapacitate or kill transformed cells.

__ Lethal agents include-toxins,; radioisotopes and ‘direct
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killing agents' such as'components of complement as well
as cytotoxic or other drugs. Further therapeutic uses of
the antibodies inclusive passive immunisation.

The invention further provides therapeutic
methods comprising the administr;tion of effective
non-toxic amounts of such antibodies or fragments thereof
and antibodies or fragments thereof for use in therapeutic
treatment of the human or animal body. Especially in
therapeutic applications it may be appropriate to mbdify
the antibody by coupling the Fab region thereof to the Fc
region of antibodies derived from the species to be
treated (e.g. such that the Fab region of mouse monoclonal
antibodies may be administered with a human Fc region to
avoid immune response by a human patient) or in order to
vary the isotype of the antibody.

In the diagnostic field the antibodies may be
linked to ligands such as solid supports and detectable
labels such as enzyme labels, chromophores and
fluorophores as well as radioisotopes and other directly
or indirectly detectable labels. Preferably monoclonal
antibodies or fragments thereof are used in aiagnosis.

The invention further provides a diagnostic
assay method comprising contacting a sample suspected to
contain abnormal human mucin glycoproteins with an
antibody as defined above. Such methods include tumour
localisation involving administration to the patient of

the antibody or- fragment -thereof-bearing a detectable "~
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- label or.of an antibody or fragment thereof and

separately 51mu1taneously or sequentlally in either order
labelllng entity capable of selectlvely binding the

antlbody or fragment thereof. The invention also provides

antlbodles or fragments thereof for use in diagnostic

methods practised on the human or anlmal body.

’ v?artlcular,uses of the antibodies lnclude
diaghostic_assays fof detecting and/or asseasing-the
seveiity of.breast, ovary and lung cancers.

Diagnostic test kits are provided for'use'in
diagnostic assays and comprise antibody or a fragment
thefeof,;epéionally seitable labels and other reagents
and, especially for use in coﬁpetitive assays,vstandard
sera. | | - |

The,invention will now be illustrated by the
:follewing Examples and with reference to the figures of

the accompanying drawings in which
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Pigure legends

Pigur 1: . Purification of the milk mucin by imzuncaffinity

chromat grapby using the antibody EMFG-1. Milks from several
individueals were combined and abdbsorbed to a EXPG-1-Sepharose column es
described in Methods., The material eluting at low PE was iodinated
and subjected to PAGE electrophoresis and gutoradiogriphy (track 1).
The iodinated material was precipitated msing the Protein A method

with antibodiss HMFG-1 (track 5), HMFG-2 (track 2), BI254 (track 3)

and RPEI + 20% FCS (track 4).

Yigpure 2: Comparison of the 1251 labelled purified milk mucin with
ir=unoblot of buren skimmed milk, A, humen skimmed milk was gubjected
to SDS polyacrylanide electrophoresis, transferred to nitrocellunloss
peper, the blot probed with the monoclonal antibody HMPG-1 and binding
detected using an ELISA method. B, after purification on an HVPG-1
&8ffinity column followed by G?S Sephadex chromatography the milk mucin
was iodinated by the Bolton and Hunter method and subjected to SDS

polyacrylamide electrophoresis and autoradiography.

Figuore 3: JAutoradiography of the iodinated milk mucin after treatment
with hydrogen fimoride. The purified milk mucin was treated with HP
for S houras at roocm tsmperature (track 1) or 1 bour at 4°C (track 2)

and the resulting preparations were then iodinated and run on SDS

polyscrylamide gels.

SUBSTITUTE SHEET
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| Pigur 4: Rsactivit} of the intact, par£i&11y,stripped or extensively
stripp d milk mucin with fodinated I ctins. The purified intact milk
mucin (track 1), the mucin treated with HP for 1 hour at 4°C (track 2) s -
and the mucin treated for S bours at room tempsrature (track 3) wers
ubjactad to SDS polyacrylamide electrophoresis and then tranaferred
‘f to nitrocellulose raper. The paper was then probed with 51 PRA
(peanut agglutinin), 1251 wos (vheat germ agglutinin), or 12°1 wpA

(Helix pomatia ugglutinin).

Yigure §: Immuncprecipitetion mnd im—unoblote of fhe partially end

125, extensively stripped mucin

' axtensifély stripped zucin. 4, the'
YEE immunoprec;pitsted with SM-S (track 3) BYFG-2 (track 2) or KsZ
rediux ES & control (track 1) by the protein 4 plete method (see
Meterials and Methods). B, the partially stripped muecin (track 1) or
extensively strifpéd mucin;(track 2) was rﬁn on SDS polyaérylami;e
gels’&nd'transfer:ed t§ n;trocsllulcserpapér. The blot wes then
reacted with a cocktail of SM-3 and S¥—4 monoclongl antibodies and the

binding detected using gn ELISA method.

i @re 6: Reactivity of monoclonel antibodies SK-3 and RPG-2 with
‘nethaéarn f2ixed breaat_tisaue and tumour sections using an indirect
iﬁnunpperoxidnse staining method. Infilfraiing ductal carcinoms
shoving strong reactivity with both SW-S (4) and HMPG-2 (B) .
Fibroadenona showing no reactivity with SN-3 (C) and ltroné
beterogeneous staining of the epithelium with HMPG.2 ). Pnpilloma
ahoving vary"eak relctivity with BK-3 (E) and strong positivity with

_ HPG-2 (F). Both normal r sting breast (G) and lactating breast (I)

SUBSTITUTE SHEET
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were negativ when stained with SM-3, wher as both tissues stained

pogitively with HMPG-2 with lactating br ast (J) much stronger than

mormal resting br ast (H).

SUBSTITUTE SHEET



'WO 88/05054 - R | - PCT/GB88/00011
. | L |

Figuré Lepends

Yipure 7, Periodic acid-silver stained milk mucin after antibody
affinity column and gel filtration column, Milk mucin was purified on
" an HMPG-1 antibody affinity _cdlumn (lane 1) followed by passage
throﬁgh a G75 Sephadex colﬁmn (lane 2), subjected to
NaDod S0 /polyacrylamide gel electrophoresla, and silver stained

following treatment of gele with 0.2% periodic acid.

Figure g, Silver stain of partially and totally stripped core
protein'ffom milk mucin. The purified milk mucin was deglycosylated
by treatment with aﬁhydrons hydrogen fluoride for 1 hrlat 0°C (1£ne 1)
and 3 hr &t room tempe:ature.(lane 2), eepafated by electrophoresis

through a NaDodSO4/polyﬁcrylamide-gel (10%Z) and silver stained.

Pigure 9, Immunoprecipitation with ﬁAbs of in vitro translated
Protein products from MCF-1T poly(A)Y RNA. Poly(a)’ RNA from MCF-7
cells was tranglated 3in a rabb;t reticulocyte lysate system (Amersham)
in the presence of [SSS]methionzne (1000 Ci/mmole; 1Ci = 87 GBq) -
following the_manufacturer s conditions. Samples containing 5 x 104
acid precipitable cpm were preciéitated with Mibs SM-4 klane a), Sk¥-3
(1ane b), BMFG-2 (lane ¢), HMFG-1 (lane ﬁ)‘nnd an irrelevant MAb to
interferon (lane e, 24).‘leparatedvon a HaDodSO4/polyncrylamide gel
(109), iﬁpragnated with Amplify and exposed to IAR-5 2;1m at =-70°C for

20 Hays.

SUBQTITUTE SHEET
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Pigure 10. Immunoblot analysis of fusion pr teins from the Amuc

¢l nes. Th phag c¢lon 8 AMUC 3,4,6,7,8,9 and 10 were used to
lysogenize bacterial strain Y 1089. lysogens w re grown at 32°C,
shifted to 42°C, and then induced with IPTG. Lysogen proteins were
fractionated by electrophoresis through a NaDodSO4/polyacrylﬁmide gel
(7.5%), transferred to nitrocellulose, agd reached with EMPG-2. The
binding was detected with an ELISA method using 4-chloro-1-naphthol as

the substrate, The numbers are those of the A clones.

Figurell. .Hybridization of pMUC10 to c¢DNA inserts of pMUC clones.
DNA from the plasmid clones was digested with restriction enzyme EcoRI
to excise the cDNA inserts, separated by electrophoresis on 1.4%
agarose and transferred to Biodyne nylon membrane. The Pfilter was
hybridized using standard conditions (34) to the insgert from pMUC10
which was labelled with [a—sep]dCTP by the method of random priming

(41). Lanes: plasmid clornes 3,4,6,7,8,9,10.

Pigure12. RNA blot hybridization analysis of mammary breast mucin
mRNA. 10 pg of total RNA from human breast cancer cells MCFP-7 (lane
1) and T47D (lane 2), normal human mammary epithelial cglls HuME (lane
S), bhuman embryonic fidbroblasts ICRF 23 (lane 4), Daudi cells (lane 5)
and carcinosarcoma HSS78T cells (lane 6) were separated in a 1.3%
agarose/glyoxal gel, blotted on to nitrocellulose and hybridized to
the PMUCIO0 EcoRI insert which was lsbelled with [a->2p]dCTP by the

method of random priming (41). The size markers were 285 (5.4 kb) and

18S (2.1kb) rRNAs,

~{
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Figur 13 Polym rphxc buman DNA fragments det ct d by

hybridization with pMUCID probe. Genmomic DNA samples prepared from
‘the white blood cells from ten individuals (8ix unreleted) and from
thres cell lines Qere digested to completion with HinfT and EcoR1,
Practionated by electrphoresis through 0.7§ and 0.6% agarose,
rsspéétiveiy, and tfansfetred to Biodyne nylon membranes. Tﬁe filter
. waB hyb:idiiedAto the ﬁﬁUC1O ﬁXA.inpert which was labelled with
tuszp]dCTP by the method of random priming (41). ZX-ray 2ilm was
exposed for 1 day gﬁ-;70'c with 1ntegaifying sCreens. .lLanesg 1-4
father, two dauvghters and mother, lenes 5-10 unrslated individuels,
lane 11 is MCF-7, la'x.m 12 is ZR75-1, lane 13 is ICRF-23. The DNA
sanples exhibit a.wide'disyriﬁution of sizes. MNumbers indicate length
of DﬁA in kbf The appéfgnt'banda at 23Kb are in lanes 12 and 13 are

artefacts,introduced in autoradiography
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Example 1

Purificetion £ the milk mucin

ThQ pilk mucin was purified from hmna.r.; skimmed milk by passage
through an HFG-1 affinity column followed by size exclusion
chromatograpby. The HXPG-1 monoclonal sntidody was purified from
tissue culture supernatant using & protein A column (i). The purified
antibody was coupled to cyanogen bronmide activated sepherces
(Pherzmacie) as described in the menufacturer's imgtructione. Human
srimmed milk was pessed in batcheg of 100 m) tkrough the antibody
celuzn followed by extensive weshing with PBS. Bound entigen was
eluted from the column unsing 0.1 ¥ glycine pH 2.5 end the fracﬁ;ions
Tegistering ezn optical density at 260nm were pooled, dislyred against
0.25 ¥ acetic acid and lyophilized. Batches of about 20 mgs Were
dissolved in 0.25 ¥ acetic acid and passed through a G75 Sephede:
column (1 x 100 cm) which had beon previously equiligrated with acetic
acid. 7The column was washed with 0.25 M acetic acid and 1z) Fractions
collected. The peak fractions which were eluted in the void volume
were pooled, lyophilized and the dry powdor stored at 4°C. Amino acid

anelysis was performed using a Beckman 6300 amino acid snalyser.

Deglvcosylation of the milk mucin

To remove the O-linked carbobydrate from the milk mucin the
molecule was treated with anhydrous hydrogen fluoride as described by
Mort and lemport (21), for eitler 1 bhour at 4°C which produced a
partially stripped .prepuntion, or S bours at room temperature which

produced the extensively stripped mucin,
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. Zodination of th 'Qilk mucin
Iodinations of the purified mucin, the partially or sxtensively

ltripp'ed mucin were carr.{ed out using the Bolton and Hunter method
(Si). Briefly, the nucin 2.5 L in 20 g1 0.7 borate buffer pH 8.5,
was added to the dried Bolton and Hunter resgent (1 mCi, Ameraham
International pIC) and incubated at room temperature for 15 minutes.

- .The raaction was. stopped by the sddition of 0.5 nl of 0. 2M glycine in
borate buffer and nﬁer a further 15 minutes incubation, free Bolton
and _Hunterxreagent wae removed by passage through a 625 Sephadex

column (PD10 columns, Fharmacia) previously equilibriated in PBS.

Jodination .of lectins
Wheat germ agglutinin (WGA), peanut agglutinin (PNA) (Vector Labs)
and Helir pomatia agglutinin (HPA) (Boehringer) .were iodinated as

‘ deséri_.bed by Earlsson et al, (52) using the chloramine T method.

Polvacrylamide gels and festam blots

Polyacrylamide gel alactrophoreaiﬁ and immunocblotting was
’ perfomgd as described previously (1). . Briefly, samples Qere Tan on
5-15% polfacrylanide gols and then electrophoretically transferred to
_nitfp'cellulone paper - (Schieicher and Sci:uall) at 50 volts overn:lehtl
at 4°C (36). In the. izmunoblotting oxﬁerinentﬁ the paper was reacted
with monoclonal mtibodi-oa.lnd binding detected with an ELISA method .
‘asing 4-chloro-1 -naphthol as the substrate, Por lectin binﬁing
studies the Wéstam blots vérﬁ fe_acted with the iodinated lectins as

described by Swallow t al. @a).
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Production of monoclonal antibodies

A female BALB/c m use was immunized with 5 pg of the partially
stripped milk mucin in Preund's complete adjuvant and S months later
boosted with a further 5 yg of the same preparation in Preund's
incomplete adjuvant. After a further 20 days, § pg of theluucin
extensively stripped of itas carbohydrate was given intravenously in
saline solution. The spleen was removed 4 days later, and fused with

the NS2 mouse myeloma cell line (5%3).

Screening of hybridoma supernatant and immunoprecipitations

The screening assay was & modification-of that described by Melero
and Gonzalez-Rodriguez (54). Multiwell plates were coated with 50 ul
.of 0.1 mg/ml protein A (Pharmacia Pine Chemicals) in PBS and allowed
to dry overnight at 37°C. The piates were blocked with 5¢ BSA for 1
hour at 37°C followed by the addition of 50 pl of rabbit lgti-mouse
immunoglobulin (DAKO, diluted 1:10 in PBS/BSA = PBS/BSA). After
incubating for 2 hours at 37°C the plates were washed twice with PBS
containing 1% BSA and 50 pl of hybridoma supernatant added. The
plates were incubated overnight at 4°C, washed twice with FPBS/BSA and
S0 pl of iodinated partially stripped mucin containing 100,000 cpu
added to each well, The plates were then incubated at room
temperature for 4 bours, washed 4 times with PBS/BSA and the
individual wells counted in s gamma counter. Por immunoprecipitation
experiments 50 pl of SDS sample buffer containing dithiothreitocl was
added to sach of the wells which were then boiled for $ minutes and

th buffer lcaded onto 5-15% polyacrylamide gradient gels.
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Staining ef tissu 8 ctions

' .?iaauss trom-pi‘ixeary pammary carcinomas, b nign breut biopaies,
.npmal -breast, and f;egnmt lactating breast tissue were !ix‘ed in
A'ne.theeu'n '(nethano} chloroform and acetic ecid 60:30:10) and emﬁedded
ute pe.raff_in wax. ‘S‘ect:!.on_s were lteined with the antibodies using

the indirect peroxi.deee’ en.ti peroxidase method as previously described

- (47
Results

Purification of the milk mucin |
The milk mucin was perified from Punan skimed milk ob an HUFG-1
a.nt:.body affinity column. Iodinati.on of the eluted naterial revealed
the presence of a lerge molecular veight component and a 68ED band.
Precipitation- of the_etfinit_y_purit;ed material with antibodies HMPG-1
.-e.nd KMFG-2 (tracks 2 and 5) At‘ollowed by gel electropboresis showed
"Fh&_t both the high molecular weight e’omponents lnd' the 68@ compbnent
were precipitated by both antibodies (less effectively by HMFG-2).
Since the- 68ED component was also precipitated by two unrelated
antibodies (figure 1, tracks 3 and 4) and this component was not
evident on an immuncblot ot' the purified material reacted with HMMPG-1
(2i§nre~ 24), the sax:ém‘ponent was removed by molecular sieve A
chromatography on a G75 eelm. The final purified product showed 2 )
major high molecular weight band, with en]_.y a traceof the 68K’

t:ez::;’»g:u:ez-nff and a minor contaminant around 14X (figure 2B).
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A high molecular weight glycoprotein (PAS-0) containing mor than
50% carbobydrate in O-linkag bhas b en purifi d from tbe human milx
fat globule by Shimizu and !hmapchi (8). To see whether this
component vas sinilar to the Qucin isolated from milk by affinity
chromatography on an EXPG-1 atfiniﬁy column, the amino a§i¢
composition of the purified HMPG-1 reactive mucin was determined and
compared to the amino acid composition of the purified PAS-O
component. Table 1 shows that there is good correspondence between
the two sets of data, indicating that the core proteins of PAS-O and

the mucin purified here are the sams.

Isolation of the core protein of the milk mucin

As there are no enzymes easily available that are efficient at

- removing O-linked sugars, and B eliminstion often results in damage to

 the protein core, the oligosaccharides were removed by treatment of

the mucin with ankydrous hydrogen fluoride. This treatment has been
shown by Mort and Lamport (21) to be effective in removing sugars from
pig submaxillary mucin_vithoui damaging the protein core. Amino acid
analysis of the matafial produced after HF treatment of the milk mucin
suggested that the protein core was also in this case undamaged, since
the composition was the same as that lee# in the intact mucin (Table
1.

Initially the milk mucin was exposed to HF for only 1 hour at 4°,
but analysis of the product showed that there was only partial removal
of the sugars with such treatment, and it was necessary to treat the

mucin at room temperatur for 3 hours to obtain a molecule which
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- showed né'lectiﬁ-bindipg.nbility.' Pigure S sbows an autoradiograph of
- the iodina£$d producté after treatment fofv1 hour at 4° (track 2) or 3
hours at RT (track 1), It can be sesn from Pigure S that the milder
treatmeﬁi r;sulta'iﬁ a,mixture o? prodpcts made up of high molecular
welight ua£eria1 which is slightly smeller than the intact sucin and & .
-ntnber of smaller bands. After longer erposure to HF at room

.tgmperature, the high moleculsr weight hinda diaappes;ed resulting in
polypeptide bands of lbsut GéED and 72ED. |

To test for the presenﬁe of eugere on the intect =mucin and on the

products produced zfter the two differjen{c. XF treatments each

prepsration was Bubjecﬁed.fo acrylexide gel elsctrophsresis,

trangferred to nitrocellglose.paper end reected with 1251-1abelled

lecting. The lectins used were peenut lectin (PNA} which reacts with
-galacfoae linked to N-gmcetyl éaiactosaminé, whezt germ (KGA) reactive
'ith_ﬁ-acetyl glucoaapine_and Helix pomatia ggglutinin (HPA) which

reacts with the linkage sugar in O-linked glycoeylstion, '
N-a;etylgalgéioaamine. Pigure 4 shows autoradiograpis of the reacted

blots, and it can be meen that while treatment wiik I for 1 br at 4°

(track 25 glta:p_thé'lectin veactivity of the mucia, carbo§yﬂrate is
ktill;prdsént; Interestingly, however, there is & much lower level of

binding qf PNA to the hizh_nolegula; 'éight-nnterial o the partially

.stripped Qucin than is téaﬁ tith'ihq intact mucin (track 1).

Moreover, this loss {n PKA binding ability i; accozpanied by binding

o? fﬁe linkage iug;: lpegifid-Ieﬁtiﬁ HPA., This lectin shows no

binding at ali to‘thé intact nt;;h, .nﬂ the changed patgarn ofﬁléctin

bindiﬁg after limiied treztment vitﬁ HF indicates that sugars masking

the O-linked N-acetyigglacfoaamine have besn stripped off. The
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smaller c mponent B en in both the intact mucin (track 1) and in the
partially stripped prepsration (track 2) is a glycoprotein which
re;cta with ¥GA, although not with PNA, This may correspond to the
component of similar molecular weight (around 6BE) seen after affinity
chromatography of the mucin and may represent an intermediate
precursor molecule.

Figure 4 sbows clearly that the €6BE and 72K components produced
after extensive treatment with FF (3 kr at RT), sbow no reactivity
with the lectins (track 3), including tic K-acstylgalactosamine
specific lectin HPA. Thie cbservetion constitutes strong evidence
that the sugars hzve been removedfrom at lezst the mejority of the

molecules, and we will refer to this prepereticn &es the extensively

gstripped rucin,

Generation of moroclonsl antibodies to the milY mucin core protein

A fusion was cerried out using the spleen of a2 mouse that had been
dmunized with two injections of the partially stripped milk mucin
follosad by & boost with the extensively gtripped mucin. The clones
wers initially screened sgaingt the 1251 partially stripped material
using protein A plates (see Msthods). Pour bhybridomas were selected
and cloned, and table 2 shows their spectrum of‘reactivity with the
intact, partiglly and extensively stripped mucin. 4s can be seen from
this table three of the hybridomas which were imolated showsd a strong
reaction with tbhe partielly and exteneively stripped mucin and did not
react with the intact mucin, These appeared to be good candidataﬁ for

monoclonal antibodies to the protein core and two, SN-S and SX-4, were

selected to be characterised further.
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"It can also be seen froo table 2 that the EXPG-1 and HMPG-2 _
lnt;bodies r acted vory strongly with the mucin stripped of its
arbohydrata. These two antibodi 8 were, in fact, develop d using the

intact mucin (from the milk fat globule) as immunogan and, &n the case
of HI?G-z. :roving namnary opithelial cells (4). Their reaction 'ith
the lttippod zucin wag unexpected, as oiroumstantial evidence had

- previously led to the belief that carbohydrate might form at least

part of their antigenic epitopes.

ﬁolecular Weight of molecules oéfrzgog antigenic doterminanos
4 The antibody SM-S was shown to be: of the IgG1 subelass, while the
SM4 antibody was found to be IgM. We therefore chose to use the SM-3
entibody 1n.subsoqueot exoeriments since antibodies of ths IgM class
can present problems in some eppliction. Ihmunopreoipitation of the
extensivaly'strzpped material with SH-3 ahoved & reaction with the
lactin wnreactive 68K component (Pigure 54, track 5). The monoclonal
-antibody HMPG-2 can also oe'oeen to immune preoipiﬁato the
lociin-ugreaotiio 68K componeot (track 2). The antibodies were
roaot;ve with antigen on immunocblots and Pigure SB‘ahows the reaction
_ of-antibody SK-3 with the dominant 68K band of the extensively
stripped mucin (track 2),

Aib bave orovionslj shown that the molecular welight of the
components in breast cancer cells carrying dototuinanta Zound on the
xilk nuoin is lower than 400K and can vary from cne tumour 0 another

-(1). Roaotion or antibody SH-S with Western blots of gel separated
'oxtraoto of breast tumour cells shows that this antibody reacts with

_ cozponents of similar molecular weight to thos reactive with aotibody
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EMPG-Z (data not shown)., Because the antibody SM-~3 differs from the
antibodies HMPG-1 and 2 in that it does not react with the intact

mucin processed by the lactating gland and yet r acts with mol cules
processed by breast cancer cells, it was appropriate to examine the

reaction of SM-% with a range of breast cancsrs,

Reectivity of SM-3 with breast tissues and tumours

The antibody SM-J reacted with paraffin embedded tissues provided
these were fixed in methacarn (not formal saline). Using this method
for preparation of tissue sections, the reacticn of the antibody was
compared to that of HMF672 on breast timsues and tumours with an
indirect immunoperoxidase staining method. This analysis showsd =
dramatic difference in the staining pattern of SM-3 compared to that
seen with HMFG-2. Thus, although a strong positive reaction was seen
in 20/22 breast cancers stained with SM-3 (as compared to 22/22
stained with HMPG-2), normal resting breast, pregnant or lactating
tissues and most benign lesions were largely unstained with SM-3 but
were stained with HMFG-2. Some examples of staining patterps of breast
tissues and tumcurs are illustrted in PFigure 6.

Iwenty-two primary carcinomas and fourteen benign lesions were
examined and the reaction of SM-3 compared to the staining with HMPG-2
in each case, In the priméry carcinomas, staining with BM-3 was
bheterogenecus but generally quite stirong and always confined to tumour
cells; connective tissue and stroma showed no reaction (see fLigures
64,B). In the four fibroadenomas examined, staining of the epithelium
with HMPG-2 was strong although heterogeneous. In éomparilon,

staining with SN-35 was negative in one case and in the three others
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'taihing ;ﬁa oonfin.d to onlf ono or tvo'glandulnr elexn ntsg, HH?G-z
IhO'Bd strong positivity on the txve papillomes and five cases of

'eyatio disease ltudzod while th :taining bserved with SH-S was very
-uoh 'oaker and more hetorogeneous (figures 6G,H). The papillonas as
. n~¢ronp nhoyod the strongest ltaining.'ith §M-5, and it ean be seen
that the ltaininz was nemorahous or extracellular. -

In contrast to HMPG-1 nnd unrc-z which ltronxly ltain laotating

'. and pregnant breast, SM-S was totally negative 'ith three out of six
cases of pregnant er lactating breast (see figure 6C and D). Two
positive cases ahoved only very weak staining of an occasional cell

‘ and in .the third, staining was confined to two arsas of one»lobule;

: Ageain, in contrast to ﬁHZC-1-and H{FG-2 which do react with some |
‘terminal ductal looular units of normol, resting breast (albeit
weakly), S¥L3 was totally negﬁtive'on eight out of the_thirteon cases
tested and in_the other five cases staining was extremely weak and
often oohfined to one or too Aoini in the tissue section (see figure
6E and F). It showld perhaps be noted that the intensity of staining
vith BFG~2 seen 'ith normal breast tissues and benign lesions f;xed
in methacarn was somewhat higher than that reported previously using
formalin fzxad material (50, 47.

- SM-3 was also shown to be negative on sections of nornal livof.
lung, thymus, sweat zland. opididymus, Pprostate, bladdor, small »
1ntostine, darge intestine, appendix, thyroid and skin, The lntibody
showed voak positive -taining only with the diltal tubules ot the

: kidney. the occasional chief cell of the stomach, tho ooonsional duct

oell of the lalivary gland and the sebaceous gland
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Diecussion

large mol cular weight mucin molecules ar xpressed by many
carcinonas and carry many ¢f the tumour associated antigenic
deterninants recogniesed by monoclonal sntibodies. These epitbéea may
aleo be expressed by soms normal epithelium, and some monoclonal
antibodies like HMPG-1 react particularly well with a mucin found in
pormal bumen milk (1,17). As long as the study of the rucing is
regtricted to their detection with entibodies reactive with undefined
epitopes, the knmovledge of their structurs, expression and processing
will &lso be reétricted. We have begun to investigete the structu;e
end expression of the cemmery mucin by isolating the core protein and
developing antibodies which have allowsd us to select partial cDNA
clones for the gene coding for the core protein . This Example
describes the production and characterization of these antibodies.

Trestment of the HVPG-1 affinity purified milk mucin with hydrogen
fluoride resulted ir the appsarance of & dozinant band of ebout 68X
daltons and a minor species of about 72KD on SDS acrylamide gels,
These bands showsd no reactivity with lectins, including Helix pomatis
egglutinin which is specific for N-acetyl galactossmzine, the first
sugar in 0-linked glycosylation (55). It therefore seems probable
that this 68K dalton polipeptida repreaenta‘the core protein of thse
xucin, Supportive evidence for this comes from the observation that
the antibodies described bhere, which are reactive with the stripped
68K component, cean precipitate a molecule of this size from the in

vitro translation products of mRXA isolated from breast cancer cells

sxpressing the mucin ,
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_ A.s th milk mucin contains at 1 ast '50% carbohydrate (16),a
protein core of only 68ED Appe_a.rg too small if the intact nc;l cule has
an obs rv d mol cular weight great r than 400XD. However, mucins can
Be _co:_nfou,pd of small subunits 'hicﬁ aggregate and are held together by
some form ét non-covalent interactions, as yet not understood. Por

| e.xample, uthouéh the molecular weight of the ovine submaxillary zucin
bas been reported to be greater than 1 x 105 daltons (45), itAhas a
pr;tein core of only 650 amino acids with a melecular weight of 58,300
deltons gg). | o |

An umnexpected findi'ng. was that the antibodies HMFG-1 and HMPG-2

which react with the. niii:. mucin, also show a positive reaction with
the extenaiieiy stripped material which showsed mo lectin binding
éapabiii}ty. Previous indirect evidence, including the- resistance to
fixﬁtion. boiling and red‘uc’tion. the repetitive mature o their |
epiiopee and the apﬁetirnnce of several bands on immuncblots, had led
to-the belief that carbohydrate present on the milk mucin was involved
in these epitopes.. ﬁ_:xié ides was reinforced by the cbservation that
lectin.s could block the binding of HMPG-T and 2 (1). While it iz mot

_ poesible to exclude the possibility that lt:;me sugars, undetected by
the'.lec_tin binding o:xperiments, remain on the extensively stripped

mucin described here » this is unlikely to be the explanation for the
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T activity Bf the antibodies EMPG-1 and 2. This can be said since
both antibodiss hav recently been shown to react positively with
B-galactosidase fusion proteins expressed by phage carrying DNA coding
for the core protein of the mammary muein, It appears therefore that
at least part of each of the epitopes recognised by BMFG-1 and HXPG-2
contain amino acids but it must be assumed that some of these epitopes
on the core protein are oxpoﬁed. i.e. not masked in the fully
glycosylated molecule. The HMFG-2 epitope is however less abundant on
the milk mucin than the HMFG-1 epitope, while it is readily detectable
on the mucin molecules expressed by tumours (1). These molecules have
a spaller molecular weight and may be less heavily glycosylated or
polymerized.

Here we have reported the development of pew antibodies which are
reactive with the protein core of the mucin and with thé partially
deglycosylated molecule, but which are unreactive with the fully
processed mucin produced by the lactating nammary.gland. One of these
antibodies SM-3, which is ean IgG1, has been studied in more detail.

It has been shown to react with the mucin molecules which are produced
by breast cancer cells and are recognised by many antibodies developed
againet the intact milkx mucin. It should be smphasized however that
the epitope recognised by SM-S which is on the core protein and is
exposed in t§e mucin as processed by tumour cells, is not exposed on
the normally processed milk mucin. This feature cffers the
Possibility of enhanced tumour specificity, and a pilot
dmmunchistochemical study of breast tumours and tissues bhas shown that

indeed the EM-3 antibody r acts strongly with the majority of primary
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br ast cancers (81%) but shows littl or no reaction with benign
br ast tymoura, reatiﬁg or lactating breast, and most normel tissues.

There are several implications of the work described hers which

_nay'belimportant for both basic-lnd clinical studies in breast cancer,

The observation that parts of the core protein (detectable by
antibodies) are sxposed on the mucins as processed by breast cancer
but nagkéd on the mucin as proc;ssed by cells in normal breast.and
benign iunoura implies that there is an alterﬁtion in the procaséing
of ﬁhe mucin in naligngpgy. A more detailed study of the processing
of the mucin in normal and malignant cells may then give basic
information for dgfiniﬁg the malignant cell, Moreover, siﬁce the

specificity of the reaction of the antibody SM-3 for tumours is better

. than that of antibodies developed against the intact mucin, this

- antibody may prdve to be a more effective diagnostic tool for the

detection.of breast-can;er celle in tissue sections, tissue fluids and
cellﬁ. The reactive‘componenté.are membrane associated as well as

intracellular and in vivo localisation of tumours may 8lso be

possible.
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Abbreviations

The abbreviations used are: HMPG, human milk fat globule; PBS,
phosphate-buffered saline (153 mM NaCl, S mM XCL, 10 mM Na2m>04. 2 mM
mzpo4 PH 7.4); WGA, wheat germ agglutinin; PNA, peanut agglutinin;
HPA, Helix pomatia agglutinin; BSA, bovine serum albumin; SDS, sodiunm

dodecyl sulfate.
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Examnle:2~

Purification and deglycosylation..of Lunan milk mucin wasA
conéucted as in Example 1 mucin was purified on én HMFG-1
antibody. A

Ihe stripped mucin preparations were separated by‘electrophoresis'
through HaDodsoéfpolyacrylamide gels (10%) and silver stained by two

nethods, one of which can be used to stain highly glycosylated

:‘proteins (22 23).

Pregaratzon of polzclonal rabbitrantxserum to stripped core protein

One NeW'Zealand White rabbit was immunized with 100 pug of the -

partially stripped core protein in complete Freund's 8 adjuvant (Gabco)

~Booster inaections of’SOO pe of the totally'stripped core prote;n wore

adminiatergd in 1ncomplete Preund's adjuvant (Gibco) 3 and 4 weeks

afte:'the~iniiial 1njéction and the rabbit ‘was bléd one week later,

. Ten nicroliters of immune serum (75 pg/ml protein) precipxtated 200 ng

of fully str;pped core protein in a Protein A assay (24) and detected
it on immunoblots.:-rhe immunoglobulin fractions o: rabbit preimmune
‘and Tabbit anti-mucin core-protain were prepared by adding ammonium
sulfate to Soz'aaturation. - The resulting pellet was resuspended in
one-half the original serum volume of PBS and dialyzed againgt the
same buffer. After dialysis only renidual precipitata wag removed by
centrifugation. Impunoglobulin fractions were stored in aliquots at

-20°C.
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Description of MAbs used

In addition to the polyclonal antiserum used for jnjtial screeﬁing,
a cocktail of two MAbs, SM-3 and SM-4 (see Example 1) which recognise the
mucin core protein (20) and HMPG-1 and HMPG-2 (1,14) were used to

screen the purified plaques, the p-galactosidase fusion proteins and

for immunoprecipitations from in vitro translated proteina‘. Other

MAbs used were a monoclonal anti-p-galactosidase antibody (25) which

was a gift from H. Durbin (ICRP, london), an snti-interfercn antibody,

ST254 (24), LES1, a keratin antibody (26) and M18 which recognizes a

carbohydrate structure on the milk mucin (27).

In Vitro translation of proteins

RNA was isclated from tbe buman breast cancer cell line MCP-7
using the guanidium isothiocyanate method of Chirgwin et nl-. (28).and
poly(A)+ RNA was purified by chromatography using oligo (d4T)-cellulose
(New England Bio Labs). The poly(A)*' RNA was translated in a
reticulocyte lysate system (Amersham) in the presence of [SSS]
methionine (1000 Ci/mmole; 1 Ci = 37 GBq, Amersham), Samples
containing 5 x 1 04 acid insoluble cpm were precipitated in a protein A
assay (24) ueing MAbs SM-3, SM—4, HMFG-1, HMFG-2 and a control
antidody to human interferon. The antibody-selected proteins were
then separated on a 10% NaDodSO ‘/polyncrylmido gel, impregnated with

Azplify (Anershaxm) and exposed to IAR-S f£ilm (Kodak) at -70°C.

s
The MAbs SM-3 and SM-4 (SM refers to stripped mucin) show strong
reactivity with the partially and fully stripped core protein but no

resctivity with the fully glycosylated oucin (20).
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Antibody scre ning of lgtﬂ librery and prot in blotting
The Agt11 librery used in this study was constructed from mRNA

. isolated from the buman breast cancer cell line MCF-7 and was

generously provided by Pﬁilippa Walter ;:;d Pierre Mbon (Strasbourg,
¥rance). The poly (A)+ RKAAused for the preparation of #1:16 randomly
primed library was prapveu;a.d from mRNA ;bhat sedimented faster than 28S
TRNA snd was enricﬁed in estrogen reéeptorx (29). The library was mede .
éssentially as described by Huynh et al, and Young and bavis (30-32)

6 reconbinants per pg of RNA.

and contained approximately 1 x 10
B.etween- 85% and 95% of ths plam_;es contained inserts.

-The phage library was plated onto bacterial strain Y1090 and grown
for 3fhr at 42°C, 'After isopropyl B-D-tbiogalactoside (IPIG)
induction afxd 3 ﬁ: of growth at 37°C, filters were prepared from each

plate and screened with anti-mucin core protein antibody by th_e method

-of- Young - and Davis (32).. The first antibody used in acreéning was the

rabbit ‘antiserum raised against the stripped core protein prepared as
described»abo‘ve; Prior to use in screening, the antiserum was diluted
1:200 4n PBS containing 1% bovine serun albumin (PBS/BSA).
Preabsorption with Y1090 bacterial lysate was not found to be
necessary. The aitrocellulose ﬁl:t.ers (Schieicher and Schﬁell) were

blocked by incubation in PBS containing 5% BSA for 1 hr at room

~tamperatur§ with gentle agitation. The filters were incubated at room

taﬁxporgtux_-e overnight with a 1:200 dilution of antiserum in heat
sealeq.plastic bags. ;ha"'tiltera were washed 5 x 5 min in PBS/B'SA.
and bound int;body ‘was degected by using hbrlorndish
peroxidase-conjuga;te’d she p anti-rabbit antiserum (Dako) diluted 1:500

with PBS/BSA and incubated for 2 hr with th filters. Th filters
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were washed 5 x 5 min in PBS/BSA and 1 x 10 min in PBS before color
detection using 4-—chlor -1-naphthol (1). Immun reactiv bacteriophage
were picked and purified through two additional rounds of .cr;ening.
Bubsequently, bacteriophage iﬁaerts were subcloned into the EcoRI
sites of pUC8 (33) producing the plasmid used most extemsively, pMUC

10, The plasmids were maintained in DH1 cells.
To examine the p-galactosidase—eDNA fusion proteins for

{mmunoreactivity, cell lysates were derived. Lysogens were prepared
as described in Young and Davis (34). Cells were pelleted, suspended
in laemxmli sample buffer (35) and separated by electrophoresis through
NaDodSO4/polyacrylamide gels (10%) and transferred onto nitrocellulose

Pilters as described (1,36). The filters were treated as above for

antibody screening,

Northern Analvyeis

RNA was isolated from tissue culture cells and frozen tissues by
the guanidinium isothiocyanate method of Chirgwin et al, (28), Total
RNA (10 pg per lane) was denatured by heating at 55°C for 1 br in
deionized glyoxal and fractionated by electrophoresis through a 1.3%
glyoxal gel (38). The RNA was transferred to nitrocellulose
(Schleicher and Schuell), prehybridized and hybridized as described by
Thomas (34). Pilters were washed down to 0.1X SSC with 0.1%€ 5DS at

65°C and exposed to JAR-5 f£ilm (Kodak) at =70°C with intensifying

screeons,
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Southern analzsis'

High molecular 'eight_genémic DNA was prepared from vﬁite blood
cells and céll_lines (39,40). These genomic DNAs (10ug) were cleaved
with reatriction enzymes following the manufacturer's recommended

. conditions and fractiocned fhrough 0.6% and 0.7 agarose gels.. Cloned
plasmid DNA was cl;a#ed end fractionated on.1.3% agaroge. The gels
were denatured, neutraii;ed and transferred to nylon membranes
(Biodyne) according to the menufacturer's instructions. The EcoR1
inserf from pHUC10 was separated on.a 1% low melting point agar&ae
(Biorgd) gél,and Iabélled with [a-szP]dCTP by the mathod_of random
primi;g (41) end hybridized tO'filters at 42°C. Filters were washed

down to 0.1X SSC with 0.1¢ SDS at 55°C end exposed to IAR-5 film

(xodak) at. -70°C with intansifying screens.

Results .

Purification and deglxcdsxlation of mucin glycoprotein
Mucin glycoprotein reactive with the monoclonal antibody HMFG-1

was prepared from pboled human breast milk by using an HMPG-1 antibody
affinity éolumn, followed by molecular sisve chromgtography'cn

Sgphadex G-75 in o?der to remove lower molecular weight components

(Pizura 7. lane 1), In orﬂer to demonstrate the homogeneity of the

pnrified nolecule, anino acid analyses of four leparate preparations

were performed and revealed a fairly consistent composition,'ith o E

serine, threonine, proliné. alanine and glycine accounting for 58Y of
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the amino acids . Periodic acid silver stained gels
revealed a diffus band of gr ater than 400,000 daltons vigible only
when the gel was treat d with periodic acid before th silver stain
(Pig. 7, lane 2). Ko other lower molecular weight bands were
vigualized on the gel using the silver stain without prior treatment
with periodic acid.

The purified meterial was iubjected to treatment with hydrogen
fluoride to remove the O-linked sugars that are characteristic of
mucin glycoproteins., Two different reaction éonditions were used
which resulted in a partially deglycosylated core protein (treated at
0°C for 1 hr) and a fully deglycosylated core protein (trested at room
temperature for 3 hr) as determined by iodinated lectin binding
following separation by gel electrophoresis and transfer to
nitrocellulose paper (20). The partially deglycosylated core protein
was reactive with wheat germ agglutinin, peanut agglutinin and helix
pommatia lectin (which recognizes the linkage sugar
N-acetylgalactosamine) whereas the fully stripped protein showed no
reactivity with any of these three lectins.

The hydrogen fluoride treated core protein was separated by
electrophoresis through NaDodSO4/polyacrylamide gels (10%) and silver
stained. Silver staining revealed that the predominant component of
the partially stripped mucin was & high molecular weight band of about
400 kd, although faint bands of lower molscular weight could also be
observed (Pig.8 , lane 1). Since the high molecular weight matsrial
shoved a somewhst increased mobility in the gel and reacted with the
lectin recognising the linkage sugar, it can be assumed that some
sugars had been remov d. The fully stripp d mucin consisted of two

bands of about 68 kd and 72 kd (Pig. S, lane 2).
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Antibody reactive proteins produced by MCP-7 cells.

The MCF-7 breast cancer cell line ezprlesges large amounts of

HEMFG-1 and -2 reactive materisl on its cell surface (14) and was thus

--jndgedv to be a suitable source of mRNA for a cDNA library. Before

préceeding to screen the MCP-7 1ibrary with the monocienal antibodies,
tﬁéy were tested for their ability to precipitate a component from in

vitro translation products produced from MCP-7 mRNA. Poly (A)*

~ from MCF-T7 was pre;pired and translated in vitro. Proteins from the

translation reaction were immunoprecipitated using the monoclonal

antibodies HMFG-1, HMFG-2, SM-3 and SM—4 and displayed by

'pclyacrylgﬁ;ide gel aleﬁtrophoresia and fluorography (Fig. 9). Two

proteins of about 68 kd and 92 kd were immunoprecipitated by SM-3
(lane 2) and SM-4 (lane 1). It ﬁs glso found that HMFG-1 (lane 4)
and HMFG-2 (laxie 3) immunoprecipitated théaé proteins; however, no

bands in thess areas wore precipitated by an irrelevant monoclonsal

~entibody to human interferoﬁ (lane 5). The fact that HMFG-1 and -2

immunopracipitated these»proteins"as an unezpected finding a8 it was
previously thought that these HAbs recognize carbohydrate

detern;inant_s (1). Hovever, we also found that HMFG-1 and -2 react

. very strongly with the fully stripped, iodinated core protein (20).

These results together with the Mib reactions on the B-galactosidase
tuaion froteins- (-la; below) i:onfim'that fhe epitopes for HMFG-1 and
-2 are, at leaat in pa.rt, protain in nature,

 7ne lbnnda.nca ot the core protein mRNA in total cellnlnr poly (A)

RNA was 4% eas stimated by comparing - th mou.nt of (' S)methionine

‘present as immunoprecipitated protein to th amount of methionine
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incorporated into total prot in during in vitro translati n.

Ber ening of the cDNA library

The a2gt11 cDNA library made from size selected MCFP-7 mRNA (see i
Methods) was screened initislly with the polyclonel antiserum made to
the mucin core protein which had been stripped of its carbohydrate.
Screening of 2 x 106 plaques resulted in 11 positive clones, 7 of
which were taken successfully thfoﬁgh two further rounds of plaque
purification.

To demonstrate that the reactivity of the phage clones with the
antibody probes was dus to antigenic determinants on the cDNA
translatién product, Pp-galactosidase fusion proteins were made from
gll 7 clones. The proteins were separated by electrophoresis,
transferred to nitrocellulosse paper and probed with a variety of
antibodies to the stripped mucin, including the polyclonal antiserum
which was used initially to select the clonmes and a cocktail of SM-3
and SM-4. In addition, HMFG-1 and IMFG-2, the two monoclonel
antibodies which originally detected this differentiation and
tumour-associated epithelial wucin (1,14) were tested. All 7 clones
yielded fusion proteins which were specifically recognized by the
polyclonal antiserum, the monoclonal cocktall, and HMFG-2. MHMPG-1
antibody reacted with 6 of the 7 fusion proteins and failed to
recognize the protein from clons § which containsg the smallest ingert,
In every case the strongest signal was given by the HMPG-Z antibody
and this reaction is shown in Pigure (1. Monoclonal antibodies to
keratins and to a carbohydrate epitope on this fully glycosylated

mucin w re used as controls and show d no reactivity
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'A monoclonal antibody to B;galactosidase was a positiv control and
the band recognized correlated i.n'every case with the band recognized
. b} the Bpecific antibodies. The Bizes of the fusion proteins varied

xio-p.roportion to the sizes of the ¢DNA inserts found in the

bacteriophage.

Characterization of cDNAs and RNA blot anslyeis

The inserts from the A clones were designated pMUC3-10 (omitting
pHUCS) and were su'bcloned into the vector pUC B for easier
manipulation. The 7 clones were compared to each other for sequence
homology. Each of the plasmids was digested with EcoRI and the insert
ee’pafated" on a.1.4% agarose gel. The largest cDNA insert from pMUC10
was used to probe the inserts and found to hybridize to &ll 6 inserts
| (Fig.11). puucC 7 was found to contain two inserts following dzgeat:.on
with- EcoRI however, only 1 of the ineerts hybrid:.zed to the pMUC10
probe. The insert bands. were not derived from phage DNA since the
PHUC10 probe did n_ot hybr:.di_ze to Hind IIi-digested A phage DNA

| As shown by agarose gel electrophoresis (Pig.l1l), the
in'eeote _v'ary in size from about 200 to up to about 1800 bp. The
largest insert from pMUC1 0 has oeen used as the hybridization probe in -
all subeequent experiments‘. - -

Because the AMUC clones were 1dent1f:.ed only by antibedy binding,
we needed additionel assurance that they were indeed coding for the
breast epitheiiel mucin. To detemine the authenticity of pMUC10, we
'oorre'la'ted the preaeno'e o? n_R.NA hybridizing to the clone with mucin
ezpreseion in various cell lines.  As shown in fzgure12 the cDNA

hy‘orid:.zed to two tranaoz‘ipte £ 4.7 k‘b and 6.4 kb in th RNA from the
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br ast canc r cell lines MCP-7 and T47D which wer shown pr viously to
zpr ss th HMPG-2 antigen (1,14). Significantly, th pMUC10 prodb
bhybridized to transcripts of approximately the same siz in RNA
extracted from pormal mammary epithelial c¢ells cultured from milk
(42). A third band of 5.7kb can be seen in the RNA from these mormal
colls. In contrast, three bhuman cell types that laci the mucin,
breast fibroblasts, Daudi cells and HS578T, a carcinosarcoma line
derived from breast tissue (43), showed no detectable pMUC10-related
mRNA. The 6.4 kb band appears to be the most adundantly expressed.
The presence of at least two sizes of mRNA from MCF-7 cells correlates
with the immunoprecipitation of two proteine of (molecular weights 68
xd end 92 kd) from in vitro translated mRNA from MCF-7 cells. The
normal mammary epithelial cells were derived from pooled milk samples

and the additional transcript observed may be due to polymorphisms

among individuals.

Genomic DNA blot hybridization and detection of a restriction fragment

length polymorphism (RFLP)

Genomic DNA was prepared from a panel of ten individuals

consisting of six unrelated individuals and a family of four, and from
three cell lines. The DNAs which were digested with HinfI or EcoRI
and blotted and hybridized to the radioclabelled pMUC10 insert, exhibit
restriction fragment length polymorphisms. The restriction fragments -
from the ten individuals and three cell lines are shown in figure 13,
The pattern consists of either a single band or a doublet o: sizes
ranging from 3400bp to 6200bp in the Hinfl digest (with the exception

of the ZR75-1 DNA in lane 12, figure 13Awhich shows thre bands) or
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from; 8200bp to 96.0dbp m the ﬁcoRI digesﬂ (Pigure 13 B).There appears
to be a coptinuous diatribution of th ffagﬁsnt aizes which implies &
“high in'vivoiigséabilitj at the ipcus. The pattern of fragments
observed in the family of Zour (laneé 1-4) suggests that thess
fragmpnts ere sllelic, Preliminary studiés'of‘the DNA made from white
‘blood cells of norﬁﬁi. related individuals indicate the existénce of a
| number'of‘independent elleles with an autosomal codominant mode of
inheritance - ’ o ) These

studies will be the subject of a separate investigation.
Discussion

The cDNA clonesndescfibed here which were obtained from the MCF-7
Agt11 library were selected using polyclonal and monoclonal antibodies
Aprepared against a normai cellular product, the milk mucin ;ﬁ its
deglycos&lateé'férm. fhié was done because it 'as.easier to obtain
. darge qﬁantities cf the Quci£ for stripping than-to prepare.aimilar
4qnantities of immunologically‘rglated glycoproteins expressed by
bfeast cancer cells (44).: The fact that the antibodies did select for
.cDNA éodin# for nonglycoaylgted core protein molecules in MCF-7 cells,
strongly suggests that the glycoproteins in these cells, 'hich~'ere
originally detected by tﬁeir reaction with antibodi;s to the milk
mucin..pontgin the same cors protein as fhis_nuéin. This is confirmed
by the-detection of.mﬁNAs-of'approximateiy.the same gizes in the
normal and ualignant cells using one of the probes isolatsd from the

MCP-? library W will therefore ref r to the antibody reactive

glycoprot ins on breast cancer ¢ lls as uucina. hearing<igmmind that
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th ir pr cessing may be diff r nt resulting in mol ules of different’
molecular w ights but with th sam core protein as that of the milk
mucin,

Seven clones were pbtained from the MCF-7 library of which the X
largest was 1800kb. This clone cross bybridized with the other 6
snaller clones. The 5-galactoaidasé fusion proteins expressed by six
of the cross-hybridizing lambda clones were reactive with ﬂhe
polyclonal antiserum directed against the mucin core protein as well
as with four well-characterized monoclonel antibodies directed to
various epitopes on the stripped core protein, SM-3, SM-4, HMFG-1 and
HMPG-2 (14,20)., The smallest lambda clone, AMUCY9, produced a
p-galactosidase fusion protein which reacted with three of the four
monoclongal antibodies and with the polyclonal antiserum,

The surprising result that the extensively characterized HMFG-1
and HMFG-2 monoclonal antibodies reacted Qtrongly with the lambda
plaques and the fusion proteins and could immunoprecipitate proteins
from in vitro translated mRNA provides strong evidence that these
clones do indeed code for a portion of the mucin core protein.
Although previocus evidence Buch as resistance to fixation, boiling,
treatment with dithiothreitol and NaDodSO4 and the presence of
multiple epitopes on the molecule suggested that these were
carbohydrate (1), it has now been established that the epitopes of the
HG-1 and HMFG-2 monoclonal antibodies are definitely protein in
nature. Carbohydrate may be required to obtain the strongest binding,
either as part of the epitope or by conferring some conformational
change on the protein portion, but part of the antigenic determinant

must consist of an emino acid sequence. Since these two MAbs are
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T active with the fully glycosylated milk mucin as well as the

. stripped core protein, this data means that the intact molecule

conte.ine’ areas of,n-ak_ed beptide vhich cenﬁribute to the antigenic
aites for these two antibodies,

Confirmatory evidence that plIUCﬂ) codes for the mammary mucin core
protein is provided by RNA blots. The relative abundance of mRNA in
the breast cancer cell lines MCF.T, 147D ZR-75-1 and in normal
DATMATY epithelia.l celle corresponde to the antigen expression by
theee celle as measured by the binding of the HM‘FG-1 and RMPG-2

monoclonal ant:.bodies.‘ Cell types which are negative for mntigen

expression_ euch &E hu_ma.u fibroblasts, Daudi cells and HS578T, a

oarcinosai'eOma l:'.ne deriired from breast (14), are negative in RNA blot
hybridizations. 'A fortuituous obeervation made with the ZR-75-1
cells yielded indirect strong evidence that pMUC10 does indeed code
for the mucin glycoprotein core protein. This cell line, which
reutznely expresses large amounts both o? mRNA ‘and antigen, yielded
one preperation of RNA vhio-h was unexpectedly negative by blot

hybridiza‘bion.' It was eubsequently found that thoee part:.cular

. ZR-'75-1 celle from which the RNA bad been made had lost the expression

of the antigen as well at’ thia time (as determined by reaction with
me-1 and 2). Different peesege numbers of the ZR-75-1 cells were
recovered and shown once egain to expreee both mtizen and message.
lhe lizee ef the messages, 4.7 kb and 6.4 Xb, ars quite large, since &
€8 hd or 92 X4 protein vould need only about ¥ kb to code tor the
protein portions. This euggeote that a large por‘l_‘.ion o? the mRNA

maybe untranslated. Efforte are underway to ocbtain a full-length
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Thus, the ¢DNA clones presented here represent a portion of the
gene coding for the human mammary mucin which is zxpressed by
differentiated breast tissue as well as by most breast cancers. The
major proteins precipitated from in vitro translation products of RNA
from MCP-7 celle by antibodies to the milk mucin core protein (68Kd)
have an apparent molecular weight of 68Ed and 92Ed, These proteins,
produced by the breast cancer cell therefore share epitopes with the
68EKd core protein of the milk mucin (20). Whether a similar 92Ed
protein is also produced by normal mammary epithelial cells, and is
truncated or destroyed by HF treatment is not yet clear. MCF-7 cells
biosynthetically labelled with 14C amino acids yield upon
immunoprecipitation with HMPG-1 and HMFG-2 antibodies, two
glycosylated proteins of 320 kd and 430 kd, and it
is possible that each of these glycoproteins utilizes only one core
protein of either 68Kd or §2Kd. Alternatively, each of the
glgcoproteins could contain both the §2Ed and 68Xd proteins either in
different proportions or variably glycosylated. Murther screening of
the library may yield full length ¢DNAs coding for both sizes of the
immunologically related core proteins. Since there appears to be only
a single gene (based on Southern blot data obtained by using a partial
c¢DNA probe), it is probable that the aultiple messages arise by
alternative RNA splicing and this would explain the fact that they
contain common sequences. Although a ‘core protein of 68 kd appears to
be amall to yield a fully glycosylated molscule of greater than $00 xd
which contains 50% carbobydrate, there is evidence that such a

structure for mucins is possible. Ovine submaxillary mucin has a

report d molecular weight £ 1 x 106 daltons (45), y t its protein
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core consists of 650 amino acids resulting in & molecule of 58 kd
(45)
The mucins which are detected with HWPG-1 and HMPFG-2 HAbs on

4mmunoblots of tumours'lndAbreast cancer cell lines show variations in

‘size from 80 kd to 400 kd in tﬁe molecular "eights of the tumour mucin

molecules (1.4'{). Using these mame antibodies which detoct_ high

molecular weight mucins present in normal urine, a polymorphism has

indeed been shown 'to be ge;ietically determined (48). Although the

very low molecular weight components are likely to represent precursor

forms of the mucin yhich eppears to be incompletely processed in many

" tumour cells (20)', ‘the variations in the higher molecular ieight
componehta é.re' likel'y to be due to this genetic polymorphism, It was

. unclear, hovever vhether the structural basis of the polymorphism was

due to t-he .genetically detemined protein or to the carbohydrate

'portzon of the mucin. The detectmn of restrict:.on fragment length

polymorphisms in the Southern blottmg experiments using the mucin
probe sugg_est that the nmcin polymorphism occurs at the level of the

DNA which codes for the protein, Preliminary sequence data

/uggest that the basis for this polymorphism is a region

of variable tandenm repeats i:resent in the protein coding ssguences,

‘This structural feature may be responsible for the generation of the

nnny allalic raatriction fragments at the mucin locus., We are
presently inveatizating the basis of the mucin polymorphiam by a
Southern blot survey of DNA trom white blood cells of normal, relaﬁd
individuals vhose inheritance pattarn of urinary nmcins has been

detemined In addition, ' are examining DNA preparations made from

the white blood cells and tumours. of indiv!.dual breast cancer patients
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to determine if there is any discordance between genotype in the
pair d samples, since tandemly repeated DNA may provid an unstable
g8it where recombination or amplification could ocecur.

The presence of mucins in the majority of carcinomas and their
association with the differentiation of mammary epithelial cells makes
it particularly important to identify regions involved in the tissue
specific and developmental regulation of the gene. Moreover, the
1ntroduction-of a functiﬁnal mucin gene into cells should provide
ingights into the role of this molscule in breast epitheliaml
differentiation and possibly enable us to identify any alterations in

the function or expression of the mucin which ere related to malignant

transformation in the human breast. .
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Abbreviations
e

The abbreviations are as follows: PBS, phosphate-buffered saline;
!Ab,. monoclonal antibody;.IPTG, isopropyl B-D-tbiogalactoside; bp,
base pair(s); Eb, kilobase(s).
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TABLE 1

Anino acid composition of the humen milk muein - comparison with PAS-D

Anino acid HMFG-1 purified htcnnively stripped PAS-D
2ilk mucin milk mucin (Shimizu & Yamauchi
1982)
Asp 6.1 7.2 6.4
Thr 9.4 9.7 9.8
Ser 9.1 13.0 15,1
Glx 6.3 8.6 8.3
Pro 14.8 14.4 12.0
Gly 8.1 10.1 12.2
Ala 12.3 ' 1.9 13.0
Cys Not analysed Not analysed 0.5
Val 6.0 6.3 5.3
Mot 0.5 0.4 0.8
e 1.6 1.7 1.9
Leu 4.5 4.8 3.7
Tyr 2.0 0.9 1.6
FPhe 2.0 1.6 1.7
His s.2 2.3 3.8
Lys 2.8 S.3 2.2
Arg 4.0 4.0 3.9
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R activity of the antibodies on in_tact, partially and totally
T deglycosylat d milk mucin .

Antibody

1>251 cpo bound

Intact molecule

Partially

-'-tripped‘ mucin

Totally

stripped mucin

5,17
'$.13
SU-3
SMg
HMFG-1
| HMFG-2

NS2 medium .

8,524

525

- 465
816

32,000

29,500

597

11,925
5, 000
15,414
16,750
33,768
29,230

845

5,780
5,328
9,200
9,561
9,494

15,832

650

. The binding of the antibodies to iodinated intact, partially and

totally dezlycosylated ‘2ilk muein wag usayed using the protein A

pIate method as deacribed in Hateria.la md lethods.
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4 wherein at least one amino acid residue bears a linkage

-60-.
CLAIMS . : :

1. Aﬁ antibody or fragmeﬁt thereof against a
human mucin core protein which antibody or fiagment has
reduced_oﬁ substantially no reaction with fully expressed
human mucin glycoprotein. |

| 2. Human polymorphic epithelial mucin core

protein.' |

- 3. A polypeptide comprising 5 or more amino
acid residues ihva sequence corresponding to the sequence

(I)

Va; Thr Ser Ala Pro Asp Thr Arg Pro Ala fro-Gly Ser Thr Ala
Pro Pro Ala His Gly Val Thr Ser Ala Pro Asp Thr Arg Pro Ala
Pro Gly Ser Thr Ala Pro Pro Ala His Gly

' - (I)

4. A polypeptide according to claim 3 having 20

- or more amino acid residues in a sequence corresponding to
'the'éequence (1)
- Val Thr Ser Ala Pro Asp Thr Arg Pro Ala Pro Gly Ser Thr Ala

- Pro Pro Ala His Gly Val Thr Ser Ala Pro Asp Thr Arg Pro Ala

Pro Gly Ser Thr Ala Pro Pro Ala His Gly
(I)

5. A polypeptide acéording to claim 3 or claim

sugar substituent.

__31*'#X"§5T§p§§Efaé_ééédféiﬁ§—EbAéTETﬁ~§'wHéEETﬁﬁ
the linkage sugar bears an oiigosaccharide moiety.
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7. A polypeptide according to claim 5 or claim
6 wherein amino acid bearing a substituent is a serine or
threonine and the linkage sugar is N-acetyl galactosamine.

8. A polypeptide according to any one of claimé
5 to 7 linked to a carrier protein. .

9. An antibody or fragment thereof against a
polypeptide according to any one of claims 3 to 8 which

.antibody or fragment has reduced or substantially no

reaction with fully processed human mucin glycoprotein.

10. An antibody or fragment thereof according to
claim 1 or claim 9 against a human polymorphic epithelial

mucin core protein.

11. An antibody or fragment thereof according to
claim 10 against human polymorphic epithelial mucin core

protein as expressed by a human colon, lung, ovary or

breast carcinoma.

12. An antibody or fragment thereof according to
any one of claims 1 and 9 to 11 which has no significant
reaction with mucin glycoprotein expressed by pregnant or

lactating human mammary epithelial tissue.

13. A monoclonal antibody or fragment thereof
according to any one of claims 1 and 9 to 12.

14. A hybridoma cell capable.of secreting a
monoclonal antibody according to claim 13.

15. A hybridoma cell of the cell line designated

HSM3 (ECACC 87010701).
-~ - - - - --716. A monoclonal antibody secreted by HSM3
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' " WO 88/05054 - ' ' PCT/GBS8/00011 .

-62 -

- (ECACC 87610701) . ' | ;
. 17. A nuclelc acid fragment compr151ng at least
17 nucleotlde bases the fragment being hybridisable with at
_least one of
a) the DNA,sequence‘
51 ' : ' ) *

ACC GTG GGC TGG GGG GGC GGT GGA GCC CGG-
GGC CGG CCT GGT GTC CGG GGC CGA GGT GAC-

‘ACC GTG GGC TGG GGG GGC GGT GGA GCC CGG-
: : .

GGC CGG CCT GGT.GTC CGG GGC CGA GGT GAC

b) DNA of sequence
5!
GTC ACC TCG GCC CCG GAC ACC AGG CCG GCC-

*

CCG GGC TCC ACC-GCC CCC CCA GCC CAC GGT=-~

GTC ACC TCG GCC CCG.GAC ACC AGG CCG GCC~-
* " 3|

CCG GGC TCC ACC GCC CCC CCA GCC CAC GGT

c). RNA having a sequence corresponding to the DNA sequence

" P g

d) RNA having a éequence corresponding to the
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DNA sequence of b).

18. A nucleic acid fragment according to claim
17 comprising a portion of at least 30 nucleotide bases
capable of hybridising with at least one of sequences (a)
to (d).

19. A DNA fragment according to claim 17 or 18.

20. A double stranded DNA fragment comprising
antiparallel paired portions having respectively seguences
(a) and (b) as defined in claim i?.

21. An antibody or fragment thereof according to
any one of claims 1, 9 to 13 and 16 bearing a detectable
label or a therapeutically or diagnostically effective
moiety.

22. An antibody or fragment thereof according to
any one of claims 1, 9 to 13, 16 and 21 for use in a method
of therapy or diagnosis practised on the human or animal
bedy.

23. Human polymorphic epithelial mucin core
protein bearing a detectable label or a thefapeutically or

diagnostically effective moiety.

24. Human polymorphic epithelial mucin core
protein according to claim 2 or claim 23 for use in a
method of therapy or diagnosis practised on the human or
animal body.

25. A polypeptide according to any one of claims

3 to B8 bearing a detectable label or a therapeutically or

diagnostically effective moiety.
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26. A polypeptide. according to any one of claims

3 £0 8 and 25 for use in a method of therapy or diagnosis

practised on the human or animal body.
A 27. A nucleic acid fragment according to any one
of claims 17 to 20 bearing a detectable lébel.pr a
therapeutically or'diagnostically effective moiety.
28. A nucleic acid fiagment according to any one

of claims 17 to 20 -and. 27 for-use in a method of therapy or

‘diagnosis‘practi;ed on the human or animal body.

29. An assay method comprising contacting a

‘sample suspected to contain abnormal human mucin

glycoprotelns with an. antlbody or fragment thereof
accordlng to any one of clalms l 9 to 13, 16 and 21.

30. A diagnostic or therapeutic method practised

‘on the human or animal body comprising administering an

antibody or fragment thereof according to any one of claims
1, 9 to 13, 16, 21 and 22. '

31. - A diagnostic or therapeutic method .

" practised on the human-or animal body comprising

ddministering human polymorphic-epithelial mucin core

protein according to any-one.of claims 2, 23 or 24,

32. A diagnostic or therapeutic method

practised on the human or animal body comprising

administering a polypeptide according to any one of claims

3 to 8, 25 and 26.

| 33. A diagnostic or therapeutic method
practlsed on. the .human or anlmal body comprising = = =
‘administering a nucleic acid fragment according to any one

of claims 17 to 20, 27 and 28.
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